A RF wireless capacitive pressure sensor is developed. The sensor has integrated inductor with the pressure sensitive capacitor as LC circuit. The resonant frequency of the sensor changes as the capacitance changes with applied pressure. The sensor uses LPCVD silicon nitride as sensitive membrane and the residual stress of the membrane has been measure as 139MPa. The sensor has size of 10 mm × 4 mm ×0.5 um. The sensor presents a pressure sensitivity of 1.65 MHz/cmH 2 O in pressure range of 0-20 cmH 2 O. The deflection of different shape of membranes is discussed. The deflection of square membrane is 130% to circular membrane under same applied pressure.
INTRODUCTION
Gas and liquid pressure and flow are required to be measured and controlled in many applications, such as biomedical system, environmental monitoring and industrial control. Capacitive pressure and flow sensors have been developed and the detailed capacitive pressure sensors have been reviewed and most capacitive sensors use silicon, glass, silicon nitride membrane as sensing plate [1, 2] . But in some applications like implanted medical devices, poison gases and high temperature places, the flow is not easy to be recorded. People have developed ways to measure flow and pressure remotely. [3] [4] [5] . The pressure and flow sensors use capacitor as sensing part [3, 6] . Combined with the inductor, they are designed as LC resonant circuit. And the LC circuit resonant frequency can be measured by external wireless circuit. From measuring the resonant frequency change, the flow and pressure can be shown. This paper presents a new designed RF wireless capacitive flow and pressure sensor. The design has a parallel capacitor and thin film spiral square inductor as resonant circuit. The capacitor is sensing the pressure change. The inductor is fabricated with the capacitor on wafer using MEMS technique. Because the sensors are used to measure cmH 2 O pressure, the capacitor has to be very sensitive. One ultra low stress Silicon Nitride was used as the sensing membrane.
SENSOR DESIGN AND FABRICATION

Silicon Nitride Membrane deflection
Flow and pressure sensors use capacitor as sensing part. The capacitor has two parallel plates, one is fixed, one is deflected under pressure. The sensing plate is made of 500nm SiN x membrane. In all cases, the deflection of membrane under pressure is described by in equation (1) [7, 8] 
where P is the pressure, δ is the deflection of membrane under pressure, t is the thickness of membrane, a is the radius or half length of the membrane, E is Young's Modulus, ν is Poisson Ratio, σ 0 is the initial or residual stress, C 1 , C 2 are dimensionless constants, f(v) is function geometry and model depended. These parameters are listed in Table. 1. For square membranes, the deflected can be assumed as [8] The FEM and theory results are shown in Figure 1 . In Fig.1 (a) Dimensionless constant C2 1.37 [8] Geometry and model dependant function 1.26-0.36ν [8] Inductance (nH) 14
Capacitor plates spacing (nm) 500
Resonant frequency as P=0 (GHz) 1.37
Residual Stress (GPa) 139
The capacitance can be computed out by integral Table 1 .
Pressure sensor design
It is shown in Figure 2 that structure of design of wireless pressure sensor. The sensor has two parts, capacitor and inductor coil. The SiN x film is 500nm thick LPCVD low stress film deposited on the silicon wafer substrate. The gap between capacitor plates is 500 nm. The inductor coil and capacitor top plate are covered by plasma enhanced chemicalvapor deposition (PECVD) silicon nitride. The cross view is shown in Figure 3a . The bottom plate of capacitor can deflect under pressure change. The electrode pads, capacitor plates and inductance coil are 10nm Cr with 40 nm Ni. The electrical equivalent circuit of the sensor is showed in Figure 3b . External inductor or capacitor can connect to the sensor to decrease the resonant frequency. That is the reason two electrodes are opened for connection. The sensor characteristics and expected performance parameters are summarized in Table 1 . 
Fabrication process
The fabrication process of RF wireless pressure sensor is presented in Figure 4 . 10 nm Cr and 40 nm Ni are deposited on a silicon wafer with 500 nm LPCVD low stress silicon nitride thin film (Figure 4b ). PECVD silicon nitride is deposited on the metal for 750 nm as bottom plate of capacitor and electrode (Figure 4c ). One window is opened by RIE and 500 nm SiO 2 is deposited into the window (Figure 4d and Figure 4e) . A thin metal film (50 nm) is then given as top plate of capacitor, inductor and electrode (Figure 4f) . A PECVD silicon nitride protection layer (1 um) is then grown on the second metal layer (Figure 4g ). Then reactive ion etching (RIE) method is used to etch the PECVD silicon nitride to open window for later etching silicon dioxide (Figure 4h ). The back side window of silicon nitride film is etched and the silicon wafer is selectively etched with KOH and the etching stops on top LPCVD silicon nitride layer (Figure 4i ). The final step is etching silicon dioxide with HF to open cavity for capacitor (Figure 4j) 
EXPERIMENTAL RESULTS AND DISCUSSION
The residual stress of LPCVD silicon nitride film has been measured by using Mickleson interferometer. It is σ 0 = 139MPa. This method has been presented in our previous paper. Based on the design, the RF wireless flow and pressure sensor has been fabricated shown in Figure 5 . In Figure 5 , it shows top view of the sensor and Figure 5b shows the back side window. Because of HF etching window, the real top metal area is reduced 5%. The resonant frequency change in response to pressure is shown in Figure 6 . The frequency shifted from 1016 MHz to 1002 MHz. The result is replotted in Figure 7 . There are several parameters can affect the sensor frequency sensitivity. Equation 6 shows the capacitance pressure sensitivity. We plotted the frequency pressure sensitivity as function of gap between two metal plates, residual stress, sensing membrane thickness and half width of sensing membrane shown in Figure 8 -11. From Figure 8 , author found as the gap increasing, the frequency pressure sensitivity decreased. Figure 9 , the frequency pressure sensitivity decreased when membrane residual stress increased. In Figure 10 , the frequency pressure sensitivity decreased when membrane thickness increased. From Figure 11 when the half width of membrane increased, the frequency pressure sensitivity increased. 
CONCLUSION
A RF wireless flow and pressure sensor has been designed and fabricated. The sensor has a pressure sensitive capacitor and an inductor. The device size is 10 mm × 4 mm ×0.5 um and can measure a pressure range of 0-20 cmH 2 O. The resonant frequency of the sensor has been measured and computed and the sensitivity is 1.65 MHz/cmH 2 O. The parameters of sensor which can affect the frequency pressure sensitivity have been discussed. The computed results give the very useful information for sensor design. Future work will focus on optimization the distance of between two plates, improvement pressure sensitivity, development of external detection system and design of new inductor coil.
